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Formulas 


(I) Descriptive Statistics 
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(II) Probability 


P(A U B) = P(A) + P(B) - P(A B) 


P(A B) 


P(A|B) = ot) 


E(X) = Uy = Lx;P; 
Var(X) = o = E(x, - uy P; 


If X has a binomial distribution with parameters n and p, then: 


P(X =k) = Jo lap 


k 
Uy = np 
o, = np) 
HAP 


If x is the mean of a random sample of size n from an infinite 
population with mean wu and standard deviation o, then: 


Uy =U 
o. = 
x vn 
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(II) Inferential Statistics 


Statistic — parameter 


Standardized test statisti¢: —— —@—-@-——________ 
standard deviation of statistic 


Confidence interval: statistic + (critical value) ¢ (standard deviation of statistic) 


Single-Sample 


Statistic Standard Deviation 
of Statistic 


“ — 


Sample Proportion 





Two-Sample 


Statistic Standard Deviation 
of Statistic 


Difference of 
sample means 


Difference of pd—p). Pod — Py) 
sample proportions + 


Ny Ny 


Special case when p, = pp 


] ] 
1- — + — 
PI P) Ny Ny 





(observed — expected)” 


Chi-square test statistic = > expected 
X 
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STATISTICS 
SECTION II 
Part A 
Questions 1-5 
Spend about 65 minutes on this part of the exam. 
Percent of Section II score—75 


Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


1. An administrator at a large university is interested in determining whether the residential status of a student is 
associated with level of participation in extracurricular activities. Residential status is categorized as on campus 
for students living in university housing and off campus otherwise. A simple random sample of 100 students in 
the university was taken, and each student was asked the following two questions. 


e Are you an on campus student or an off campus student? 
e In how many extracurricular activities do you participate? 
The responses of the 100 students are summarized in the frequency table shown. 


Residential Status 
Level of Participation in 
Extracurricular Activities 


One activity 
Two or more activities 

















(a) Calculate the proportion of on campus students in the sample who participate in at least one extracurricular 


activity and the proportion of off campus students in the sample who participate in at least one 
extracurricular activity. 


On campus proportion: 
Off campus proportion: 


The responses of the 100 students are summarized in the segmented bar graph shown. 


On campus None 
[J One 
Off campus L] Two or more 


0% 20% 40% 60% 80% 100% 


(b) Write a few sentences summarizing what the graph reveals about the association between residential status 
and level of participation in extracurricular activities among the 100 students in the sample. 
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(c) After verifying that the conditions for inference were satisfied, the administrator performed a chi-square test 
of the following hypotheses. 


Hy : There is no association between residential status and level of participation in extracurricular activities 
among the students at the university. 

H, : There is an association between residential status and level of participation in extracurricular activities 
among the students at the university. 


The test resulted in a p-value of 0.23. Based on the p-value, what conclusion should the administrator make? 
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2. Nine sales representatives, 6 men and 3 women, at a small company wanted to attend a national convention. 
There were only enough travel funds to send 3 people. The manager selected 3 people to attend and stated that 
the people were selected at random. The 3 people selected were women. There were concerns that no men were 
selected to attend the convention. 


(a) Calculate the probability that randomly selecting 3 people from a group of 6 men and 3 women will result 
in selecting 3 women. 


(b) Based on your answer to part (a), is there reason to doubt the manager’s claim that the 3 people were 
selected at random? Explain. 


(c) An alternative to calculating the exact probability is to conduct a simulation to estimate the probability. 
A proposed simulation process is described below. 


Each trial in the simulation consists of rolling three fair, six-sided dice, one die for each 
of the convention attendees. For each die, rolling a 1, 2, 3, or 4 represents selecting a 


man; rolling a 5 or 6 represents selecting a woman. After 1,000 trials, the number of 
times the dice indicate selecting 3 women is recorded. 





Does the proposed process correctly simulate the random selection of 3 women from a group of 9 people 
consisting of 6 men and 3 women? Explain why or why not. 


3. Schools in a certain state receive funding based on the number of students who attend the school. To 
determine the number of students who attend a school, one school day is selected at random and the number 
of students in attendance that day is counted and used for funding purposes. The daily number of absences at 
High School A in the state 1s approximately normally distributed with mean of 120 students and 
standard deviation of 10.5 students. 


(a) If more than 140 students are absent on the day the attendance count is taken for funding purposes, the 
school will lose some of its state funding in the subsequent year. Approximately what is the probability 
that High School A will lose some state funding? 


(b) The principals’ association in the state suggests that instead of choosing one day at random, the state should 
choose 3 days at random. With the suggested plan, High School A would lose some of its state funding in 
the subsequent year if the mean number of students absent for the 3 days is greater than 140. Would High 
School A be more likely, less likely, or equally likely to lose funding using the suggested plan compared 
to the plan described in part (a)? Justify your choice. 


(Cc 


SY 


A typical school week consists of the days Monday, Tuesday, Wednesday, Thursday, and Friday. The 
principal at High School A believes that the number of absences tends to be greater on Mondays and 
Fridays, and there is concern that the school will lose state funding if the attendance count occurs on 
a Monday or Friday. If one school day is chosen at random from each of 3 typical school weeks, what 
is the probability that none of the 3 days chosen is a Tuesday, Wednesday, or Thursday? 
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4. As part of its twenty-fifth reunion celebration, the class of 1988 (students who graduated in 1988) at a state 
university held a reception on campus. In an informal survey, the director of alumni development asked 50 of 
the attendees about their incomes. The director computed the mean income of the 50 attendees to be $189,952. 
In a news release, the director announced, “The members of our class of 1988 enjoyed resounding success. 
Last year’s mean income of its members was $189,952!” 


(a) What would be a statistical advantage of using the median of the reported incomes, rather than the mean, 
as the estimate of the typical income? 


(b) The director felt the members who attended the reception may be different from the class as a whole. 
A more detailed survey of the class was planned to find a better estimate of the income as well as other 
facts about the alumni. The staff developed two methods based on the available funds to carry out the 
survey. 


Method 1: Send out an e-mail to all 6,826 members of the class asking them to complete an online form. 
The staff estimates that at least 600 members will respond. 


Method 2: Select a simple random sample of members of the class and contact the selected members 
directly by phone. Follow up to ensure that all responses are obtained. Because method 2 will 
require more time than method 1, the staff estimates that only 100 members of the class could be 
contacted using method 2. 


Which of the two methods would you select for estimating the average yearly income of all 6,826 members 
of the class of 1988 ? Explain your reasoning by comparing the two methods and the effect of each method 
on the estimate. 
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5. A researcher conducted a study to investigate whether local car dealers tend to charge women more than men for 
the same car model. Using information from the county tax collector’s records, the researcher randomly selected 
one man and one woman from among everyone who had purchased the same model of an identically equipped 
car from the same dealer. The process was repeated for a total of 8 randomly selected car models. 


The purchase prices and the differences (woman — man) are shown in the table below. Summary statistics are 
also shown. 


jcarmodel | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 
. | $17,710 | $21,500 | $46,300 


Meat [Sin Devinon 


Dotplots of the data and the differences are shown below. 





@® 000 °o O ° 
Women HH + +>YN + 
$20 $25 $30 $35 $40 $45 


@® ooo o 0 o 
cn. 22+ >Y YN 
$20 $25 $30 $35 $40 $45 


Purchase Price (in thousands of dollars) 


Oo .6O 0 o o 0 o 6°08 


$0 $500 $1000 


Difference in Purchase Price 
(woman — man, in dollars) 


Do the data provide convincing evidence that, on average, women pay more than men in the county for the same 
car model? 
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STATISTICS 


SECTION II 
Part B 
Question 6 
Spend about 25 minutes on this part of the exam. 
Percent of Section II score—25 


Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 


6. Jamal is researching the characteristics of a car that might be useful in predicting the fuel consumption rate 
(FCR); that is, the number of gallons of gasoline that the car requires to travel 100 miles under conditions of 
typical city driving. The length of a car is one explanatory variable that can be used to predict FCR. Graph I 
is a scatterplot showing the lengths of 66 cars plotted with the corresponding FCR. One point on the graph is 
labeled A. 


GRAPH I 
8 
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Jamal examined the scatterplot and determined that a linear model would be a reasonable way to express the 
relationship between FCR and length. A computer output from a linear regression 1s shown below. 


Linear Fit 
FCR = —1.595789 + 0.0372614 * Length 


Summary of Fit 


RSquare 0.250401 
Root Mean Square Error 0.902382 
Observations 66 


(a) The point on the graph labeled A represents one car of length 175 inches and an FCR of 5.88. Calculate 
and interpret the residual for the car relative to the least squares regression line. 
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Jamal knows that it is possible to predict a response variable using more than one explanatory variable. He wants 
to see if he can improve the original model of predicting FCR from length by including a second explanatory 
variable in addition to length. He is considering including engine size, in liters, or wheel base (the length 
between axles), in inches. Graph II is a scatterplot showing the engine size of the 66 cars plotted with the 
corresponding residuals from the regression of FCR on length. Graph HI is a scatterplot showing the wheel 

base of the 66 cars plotted with the corresponding residuals from the regression of FCR on length. 
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(b) In graph II, the point labeled A corresponds to the same car whose point was labeled A in graph I. 
The measurements for the car represented by point A are given below. 


Length (inches) | Engine Size (liters) | Wheel Base (inches) 


(1) Circle the point on graph III that corresponds to the car represented by point A on graphs I and II. 


(ii) There is a point on graph III labeled B. It is very close to the horizontal line at 0. What does that indicate 
about the FCR of the car represented by point B? 
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(c) Write a few sentences to compare the association between the variables in graph II with the association 
between the variables in graph III. 


(d) Jamal wants to predict FCR using length and one of the other variables, engine size or wheel base. Based on 
your response to part (c), which variable, engine size or wheel base, should Jamal use in addition to length if 
he wants to improve the prediction? Explain why you chose that variable. 


STOP 


END OF EXAM 
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Table A Standard normal probabilities 


Table entry for z is the 
probability lying below z. 
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O1 


0003 
0005 
0007 
0009 
0013 
0018 
0025 
0034 
0045 
0060 
0080 
0104 
0136 
0174 
0222 
0281 
0351 
0436 
Se) 
0655 
.0793 
0951 
1131 
FBS es) 
1562 
1814 
.2090 
2389 
2709 
050 
3409 
3783 
4168 
4562 
4960 


02 


0003 
0005 
0006 
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0013 
0018 
0024 
0033 
0044 
0059 
0078 
0102 
0132 
0170 
0217 
0274 
0344 
0427 
0526 
0643 
0778 
0934 
1112 
1314 
Misys 
pl736 
.2061 
2358 
.2676 
ILS 
ol2 
3745 
4129 
4522 
4920 


Probability 


.03 
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0004 
0006 
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0012 
OO17 
0023 
0032 
0043 
0057 
0075 
0099 
0129 
0166 
0212 
0268 
.0336 
0418 
O56 
0630 
.0764 
0918 
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2083 
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3500 
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4090 
4483 
4880 


04 


0003 
0004 
0006 
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0012 
0016 
0023 
0031 
0041 
0055 
0073 
0096 
0125 
0162 
0207 
262 
10329 
0409 
0505 
0618 
0749 
0901 
.1075 
271 
1492 
BLS 
.2005 
2296 
2611 
.2946 
3300 
3669 
4052 
4443 
4840 
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OO 
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0054 
0071 
0094 
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0158 
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0735 
0885 
1056 
sl 250 
.1469 
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Me 
.2266 
2578 
Ae 
3264 
3632 
A013 
4404 
A801 
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0004 
0006 
0008 
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0029 
0039 
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0069 
0091 
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0154 
0197 
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10302 
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0594 
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1446 
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3594 
3974 
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A761 


U7 
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OO11 
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0028 
0038 
0051 
0068 
0089 
0116 
0150 
0192 
0244 
0307 
0384 
0475 
0582 
0708 
0853 
.1020 
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1423 
.1660 
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2514 
2843 
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3557 
3936 
4325 
4721 


08 
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0004 
0005 
0007 
0010 
0014 
0020 
0027 
0087 
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.0066 
0087 
0113 
0146 
0188 
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0301 
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0571 
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Table entry for z is the 


probability lying below z. 


Table A 


(Continued) 
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02 


5080 
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10255 
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Table B 


df 


t distribution critical values 
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Table entry for p and 
C is the point ¢* with 


probability p lying 


above it and 


probability C lying 


between —t* and f*. 
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Tail probability p 
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2.447 2.612 
2,30) 2.014 
2.306 2.449 
2.262 2.398 
2.228 2559 
2,201 2,328 
2.179 2.303 
2.160 2.282 
2.145 2.264 
2191 2.249 
2120 2290 
2.110 2.224 
2.101 2.214 
2,093 2,205 
2.086 2197 
2.080 2.189 
2.074 2.183 
2.069 277 
2.064 2 hdd 
2.060 2.167 
2.056 262 
2.052 2.158 
2.048 2.154 
2.045 2.150 
2.042 2.147 
2,021 Zil23 
2.009 2.109 
2.000 2.099 
1.990 2.088 
1.984 2.081 
1.962 2.056 
1.960 2.054 
95% 96% 


Confidence level C 


-16- 


O1 


31.82 
6.965 
4.541 
3.747 
3.00) 
3.143 
2,998 
2.896 
2.821 
2.764 
2.718 
2.681 
2.650 
2.624 
2.602 
2.583 
2.567 
2552 
2.559 
2.528 
2.518 
2.508 
2.500 
2.492 
2.485 
2.479 
2.473 
2.467 
2.462 
2.457 
2.423 
2.403 
2.590) 
2.374 
2.364 
2.330 
2320 


98% 


Probability p 


005 


63.66 
9.925 
5.841 
4.604 
4.032 
3.107 
3.499 
2.359 
3.250 
3.169 
3.106 
3.055 
3.012 
2.977 
2.947 
2.921 
2.898 
2.878 
2.861 
2.845 
2.831 
2.819 
2.807 
2497 
2107 
2.119 
2471 
2.103 
2.190 
2.150 
2.704 
2.678 
2.660 
2.050 
2.626 
2501 
22516 


99% 


0025 


127.3 
14.09 
7.453 
5.598 
4.773 
4.317 
4.029 
5.835 
3.690 
5501 
3.497 
3.428 
S372 
3.326 
3.286 
a2 
a2 
S197 
3.174 
i Bs 
3.135 
3 L192 
3.104 
3.091 
3.078 
3.067 
3.057 
3.047 
3.038 
3.030 
2.971 
2.93) 
2.915 
2.007 
20011 
21013 
2.807 


99:5% 


OO 


318.3 
22.35 
10.21 
7175 
52895 
5.208 
4.785 
4.501 
4.297 
4.144 
4.025 
3.930 
5.852 
3.181 
3.133 
3.686 
3.646 
3.611 
S079 
22 
5:52] 
3.505 
3.485 
3.467 
3.450 
3.435 
3.421 
3.408 
3.396 
3.385 
S007 
5251 
Bio2 
3.195 
3.174 
3.098 
3.091 


99.8% 


0005 


636.6 
31.60 
12.92 
8.610 
6.869 
D959 
5.408 
5.041 
4.781 
4.587 
4.437 
4.318 
4.221 
4.140 
4.073 
4.015 
3.965 
5922 
3.883 
3.850 
5,019 
5.192 
3.768 
3.745 
5125 
3.707 
3.690 
3.674 
22059 
3.646 
3.551 
3.496 
3.460 
3.416 
5.390 
3.300 
3.291 


09.9% 


2014 AP* STATISTICS FREE-RESPONSE QUESTIONS 


Probability p 


Table entry for p is the point 
(77) with probability p lying 





above it. 
(e) 
Table C x? critical values 
Tail probability p 

df Ai Ss .20 LS 10 05 025 02 O01 005 0025 ~=.001 0005 
1 1,32 1.64 2,07 2.41 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12 
2 277 322 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20 
3 4.11 4.64 532 6.25 7.81 9.35 9.84 11.34 12.84 14.32 16.27 17.73 
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 16.42 18.47 20.00 
5 6.63 7.29 8.12 9.24 11.07 12.83 13.39 15.09 16.75 18.39 20.51 22.11 
6 7.84 8.56 9.45 10.64 12.59 (ALAS) 15303 16.81 18.55 2025 22.46 DATO 
7 9.04 9.80 10.75 12.02 Oy 16.01 16.62 18.48 20.28 DINE 8) D432 26.02 
8 10.22 11.03 12703 13.36 15). 5)1) 17.53 18.17 20.09 21.95 8 I Zou 2ST 
9 11.39 12.24 13.29 14.68 16.92 19.02 19.68 21.67 23:59 25.46 27.88 29.67 
10 12.55 13.44 14.53 15.99 18.31 20.48 DV AMG) 23 25.19 2A 29.59 3142 
11 13.70 14.63 1377 17.28 19.68 21.92 22,02 24.72 26.76 2813 31,26 33.14 
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28.30 30.32 32.91 34.82 
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29.82 31.88 34.53 36.48 
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11 
15 18.25 19.31 20.60 22.31 25.00 27.49 28.26 30.58 32.80 34.95 37.70 39.72 
16 19.37 20.47 21.79 234 26.30 28.85 29.63 3200 B42 36.46 39.25 41.31 
17 20.49 26 22.98 24.77 27.59 30.19 31.00 554 B52 37.95 40.79 42.88 
18 21.60 22,76 DAIS 25.99 28.87 B53 32 35 34.81 37.16 Sl 44.43 
19 2272 23.90 2538 27.20 3014 32.85 33.69 36.19 38.58 40.88 43.82 45.97 
20 23583 25.04 26.50 28.41 212 Bale Bone sor 40.00 AN) aval | ils 3) 47.50 
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 43.78 46.80 49.01 
22 26.04 27.30 28.82 30.81 33.92 36.78 37.66 40.29 42.80 45.20 48.27 50.51 
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62 49.73 52.00 
24 28.24 29.55 3113 33:20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48 
25 29.34 30.68 32.28 34.38 31.65 40.65 41.57 44.31 46.93 49.44 52.62 54.95 
26 30.43 31.79 Bo43 3556 38.89 41.92 42.86 45.64 48.29 50.83 54.05 56.41 
a 31.53 32.91 3459) 36.74 AQ IU] 43.19 44.14 46.96 49.64 52.22 55.48 57.86 
28 32.62 34.03 Sil 37.92 41.34 44.46 45.42 48.28 50.99 53.59 56.89 59.30 
29 Bon 35.14 36.85 39.09 A256 A512 46.69 49.59 34 54.97 58.30 60.73 
30 34.80 3025 37.99 40.26 AB 7 46.98 47.96 50.89 53.07 515.33) 59.70 62.16 
40 45.62 47.27 49.24 51.81 55.76 59.34 60.44 63.69 66.77 69.70 73.40 76.09 
50 56.33 58.16 60.35 63.17 67.50 TL 1201 76.15 79.49 82.66 86.66 89.56 

60 66.98 68.97 71.34 74.40 79.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7 

80 88.13 90.41 93.11 96.58 101.9 106.6 108.1 112.3 116.3 120.1 124.8 128.3 

100 109.1 111.7 114.7 118.5 124.3 129.6 131.1 135.8 140.2 144.3 149.4 153.2 


-17- 


